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The development of compassion for others might be influenced by the social expe-
riences made during childhood and has a genetic component. No research has yet
investigated whether the parent–child relationship quality interacts with genetic
variation in the oxytocin and dopamine systems in predicting compassion over the life
span. In the prospective Young Finns Study (N = 2099, 43.9% men), we examined the
interaction betweenmother-reported emotional warmth and intolerance toward their
child assessed in 1980 (age of participants, 3–18 years) and two established genetic
risk scores for oxytocin levels and dopamine signaling activity. Dispositional compas-
sion for others was measured with the Temperament and Character Inventory 1997,
2001, and 2012 (age of participants, 20–50 years). We found a gene–environment
interaction (p = .031) that remained marginally significant after adjustment for mul-
tiple testing. In line with the differential susceptibility hypothesis, only participants
who carry alleles associated with low dopamine signaling activity had higher levels of
compassionwhen growing upwith emotionally warm parents, whereas they had lower
levels of compassion when their parents were emotionally cold. Children’s genetic
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variability in the dopamine system might result in plasticity to early environmental
influences that have a long-lasting effect on the development of compassion. However,
our findings need replication.
KEYWORDS
compassion, dopamine and oxytocin signaling pathways, gene–environment interaction, parent-
ing, personality development
1 INTRODUCTION
Compassion can be defined as a disposition that is characterized by
a feeling evoked by witnessing the unjust suffering of another person
and the authentic desire to help (Goetz et al., 2010; Lazarus, 1991).
Individuals characterized as high in compassion further recognize that
all people experience hardship, are caring and concerned for others’
pain, and tolerate the sometimes uncomfortable emotions arousing in
response to the suffering person (Pommier et al., 2019; Strauss et al.,
2016). Trait-like compassion for others transcends situations (unlike
more variable compassionate states and emotions) and plays an impor-
tant role in fostering interpersonal trust and cooperation (Allred et al.,
1997; Liu &Wang, 2010) and directing prosocial behavior (Goetz et al.,
2010). Being compassionatealso contributes tobuildingharmonic rela-
tionships andmanaging interpersonal conflicts, as it is related to better
emotion regulation skills (Eisenberg, 2000; Lebowitz &Dovidio, 2015).
Compassionmay help to respond to stressful social situations (Abelson
et al., 2014; Pace et al., 2009; Perrone-Mcgovern et al., 2014) and anger
(Kahle et al., 2016), and more compassionate individuals display less
distributive or aggressive behavior when dealing with conflict (Zhang
et al., 2014).
Compassion is a topic of timely relevancy (Galea, 2020).
Compassion-related phenotypes have declined from one birth
cohort to the next in theUnited States and acrosswide parts of Europe
(Dobewall et al., 2017; Zarins&Korath, 2017). This is alarming because
compassion facilitates cooperation beyond the family and addresses a
society’s need to protect the weak (Goetz et al., 2010).
It has been suggested that parents have a substantial influence on
their children’s development, yet parental influences are differentiated
and complex rather than direct and unambiguous (Collins et al., 2000;
Eisenberg, Spinrad, et al., 2015). Also, compassion for others has been
found to be influenced by environmental factors, one has experienced
during childhood, such as different aspects of parenting (Eisenberg,
VanSchyndel, et al., 2015; Hintsanen et al., 2019) and forms of early
child care arrangements (Gluschkoff et al., 2018). It has further been
shown that compassion and compassion-related phenotypes have a
significant genetic component (Ando et al., 2004;Dobewall et al., 2021;
Gillespie et al., 2003; Pełka-Wysiecka et al., 2012). Twin studies have
shown that it is difficult to distinguish shared genetics from environ-
mental effects (Avinun &Knafo-Noam, 2015; Eisenberg, Spinrad, et al.,
2015; Knafo-Noam et al., 2020) suggesting that parental influences
are often explained by the genotype, not environmental effects. Kan-
dler et al. (2016), for instance, did not find evidence for parental influ-
ences beyond genetic influences when investigating intrafamilial simi-
larity.Moreover, parenting is known to be in part evoked by genetically
influenced characteristics of the child (Avinun & Knafo, 2014; Dobe-
wall et al., 2019). Most importantly, a lack of environmental or parent-
ing effects observed in twin studies could also indicate the presence
of gene–environment interactions (Belsky & Pluess, 2009; Ellis et al.,
2011; Zuckerman, 1999). Effects of parenting are indeed often mod-
erated by characteristics of the child that are partly heritable (Belsky
& van IJzendoorn, 2017; Pluess & Belsky, 2010); however, no research
today has investigated the role of the gene–environment interactions
in the development of compassion over the life span.
1.1 The genetic component of compassion
Compassion has been found in a large twin study to be 34% herita-
ble (Ando et al., 2004). Research has subsequently tried to identify
specific genes that account for this variance based on the putatively
underlying biological processes (Dobewall et al., 2021; Keum & Shin,
2019; Knafo-Noam et al., 2018; Knafo & Israel, 2010; Pełka-Wysiecka
et al., 2012). A review by Knafo-Noam et al. (2018) found that the
oxytocinergic and vasopressinergic systems (involved in social bonding
and affiliative behaviors) anddopaminergic system (executive function,
learning, and reward) are regularly implicated in compassion-related
phenotypes, although some researchers have tested broader sets of
neurochemicals (Assary et al., 2018; Jern et al., 2017; Pearce et al.,
2017). Further, compassion is evolutionarily linked to caringmotivation
(Gilbert, 2015), which has been suggested to be neurologically related
to oxytocin and dopamine signaling (Carter et al., 2017; Ebert et al.,
2018; Klimecki et al., 2013). Single-nucleotide polymorphisms (SNPs)
in the dopamine and oxytocin signaling pathway have indeed found to
be related to empathy (Gong et al., 2017; Pearce et al., 2017), proso-
cial behavior and temperament (Poulin & Holman, 2013; Reuter et al.,
2011; Tost et al., 2010), and sensitive parenting (Feldman et al., 2012;
Peltola et al., 2014; Skuse et al., 2014; Van IJzendoorn et al., 2008).
1.2 The important role of early-environmental
factors
As important as the selection of genetic variants is the selection of the
environmental factor under study (Dick et al., 2015). The parenting
one has experienced during childhood and the overall emotional
DOBEWALL ET AL. 3 of 14
atmosphere between parent and child are important and modifiable
early-environmental factors (Armstrong et al., 2018; Collins et al.,
2000; Thomas & Zimmer-Gembeck, 2007). Conceptually several
mechanisms have been proposed to operate during childhood that
might account for individual differences in compassion development.
For instance, children might learn how to be compassionate as later
adults to some degree already by observing the positive parenting
of their parents (Bandura, 1978). Caring parenting further creates a
sense of safety—a source of soothing and comfort—and provides a
secure base—a source of protection, validation, and guidance (Ebert
et al., 2018; Gilbert, 2020). An emotionally warm parent–child rela-
tionship quality has also been found to be associated with secure
attachment (Güngör & Bornstein, 2010), which in turn has been
found to stimulate compassion and prosocial behavior (Mikulincer
et al., 2005). (Eisenberg et al., 2015) reported a positive association
of maternal warmth and support during childhood and adolescence
with adulthood sympathy and concern, whereas maternal negative
affect was negatively related. Another recent study has found that the
parent–child relationship quality has a long-lasting effect on the life
span development of dispositional compassion for others (Hintsanen
et al., 2019). More precisely, higher emotional warmth but not lower
intolerance is a robust predictor of adulthood compassion. The pres-
ence of gene–environment interactions might explain the fact that this
earlier study has found an effect for emotional warmth, but not for
intolerance.
1.3 Genetic differential susceptibility and the life
span development of compassion
Available genome-wide association studies (GWAS) in similar socioe-
motional phenotypes found only a relatively small proportion of the
total variance to be explained per SNP or by the most significant SNPs
taken together (Warrier, Grasby, et al., 2018; Warrier, Toro, et al.,
2018). One potential explanation for this finding is the presence of
gene–environment interactions (Arnau-Soler et al., 2019; Assary et al.,
2018), which suggests that genes in the dopamine and oxytocin signal-
ing pathway might have a conditional rather than a direct influence on
the development of compassion. Oxytocin plasma levels, for instance,
were found to be related to both the recall of parental warmth dur-
ing childhood and being compassionate to oneself and others (Ebert
et al., 2018). Evidence is accumulating that it is the major role of
early-environmental influences to interact with genetic predisposi-
tions in the activation of social learning processes during personal-
ity development (Zwir et al., 2019). Neurochemical systems involving
dopamine and oxytocin signaling can thus be tuned by early-life experi-
ence (Carter et al., 2017). Some individualsmight bemorevulnerable to
negative early-environmental factors than others as proposed by the
diathesis–stress model (Zuckerman, 1999). Further, individuals might
differ in their susceptibility with some being more affected than oth-
ers by both positive as well as negative developmental experiences as
postulated by differential susceptibility theory (Belsky & Pluess, 2009;
Ellis et al., 2011). Much of the research on gene–environment interac-
tions has looked at the genetic differential susceptibility to variation in
parenting (Jokela et al., 2007; Pluess & Belsky, 2010), and the empir-
ical evidence suggests that the strength of gene–environment inter-
actions is the greater the more plasticity alleles an individual carries
(Belsky & van IJzendoorn, 2017). Because the influence of genes tends
to increase as children grow older and enter larger and more complex
social environments (Knafo & Plomin, 2006), gene–environment inter-
actions may also play an important role in the development of disposi-
tional compassion over the life span.
Previous gene–environment interaction studies have demonstrated
that the effect of childhood experiences on later socioemotional devel-
opment is indeed conditional to allelic variation in dopaminergic and
oxytocinergic genes. For instance, polymorphisms in dopamine recep-
tors interact with the family environment during childhood in predict-
ing behavior problems and creativity consistent with the diathesis–
stressmodel (Belsky&Pluess, 2013; Si et al., 2018),whereas results for
social skills aremore in linewith the differential susceptibility hypothe-
sis (Belsky & Pluess, 2013). Differential susceptibility to parental influ-
ence has also been observed for prosocial behavior by variation in the
dopamine receptorD4 (DRD4) gene (Knafo et al., 2011). A recent study
on parenting style counting the minor alleles in multiple loci of the
dopamine receptor D2 (DRD2) and COMT genes again has favored the
differential susceptibility rationale (Si et al., 2020). Although one study
identified carrying the DRD2 Del (rs1799732) allele and other stud-
ies carrying the DRD4 7-repeat allele (Belsky & Pluess, 2013; Knafo
et al., 2011) as indicators of plasticity, the latter was attributed to a
putatively low capacity to respond to dopamine (Asghari et al., 1995;
Tovo-Rodrigues et al., 2012).
Furthermore, studies on the development of perceived social
support (Dobewall, Hakulinen, Keltikangas-Järvinen, et al., 2018),
emotion-related personality traits, and social cognition (Schneider-
Hassloff et al., 2016) have reported that some individuals aremore sus-
ceptible to the quality of the relationship between parent and child and
childhood attachment security due to carrying certain plasticity alleles
in the oxytocin receptor gene (OXTR). Concerning the self-regulatory
responses of toddlers, it has been found that some individuals are
more vulnerable to a lack of early maternal sensitivity than others
conditional to allelic variation in oxytocin but not dopamine receptors
(Augustine et al., 2018). Generally, OXTR genotypes that have been
associated with higher oxytocin levels are hypothesized to predict sus-
ceptibility to early-environmental influences (Augustine et al., 2018;
Feldman et al., 2012) but the reviewed empirical evidence is inconclu-
sive. There are also other gene–environment interaction studies that
have been unable to find robust associations (Belsky et al., 2015; Bor-
der et al., 2019; Dobewall, Hakulinen, Pulkki-Råback, et al., 2018) or
have not related their findings to either one of the two theoretical
perspectives (Blair et al., 2015). To our best knowledge, no previous
research on the associations between normal variation in parenting
variables and phenotypes closely related to compassion has explored
variation by dopaminergic and oxytocinergic genes. The current lit-
erature does not allow us to speculate whether stronger conditional
effects will emerge for dopamine signaling compared to oxytocin lev-
els, or vice versa.
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1.4 The current study
The current study investigated in a large, population-based sample of
Finns the effects of genetic differential susceptibility to the parent–
child relationship quality on the life span development of disposi-
tional compassion. We assessed compassion over a 15-year prospec-
tive follow-up with a reliable and well-known personality inventory.
The childhood family environment was assessed by parents three
decades before the last assessment of adult compassion. Most of the
reviewed studies have investigated gene–environment interactions in
socioemotional phenotypes with single candidate genes, whereas the
current study relies on two established genetic risk scores in the oxy-
tocin and dopamine signaling pathways that combine the effects of
the number of the plasticity alleles an individual carries. Finally, we
informed our study design by recent theoretical advances on individ-
uals’ differential susceptibility to both negative aswell as positive envi-
ronmental influences, going beyond a narrow understanding of genetic
vulnerability.
2 METHODS
2.1 Procedure and participants
The prospective cohort Young Finns Study (YFS; Akerblom et al., 1991;
Raitakari et al., 2008) has followed its participants since 1980. At base-
line, the parents of six population-based birth cohorts (aged 3, 6, 9,
12, 15, and 18 years) were surveyed. In 1983, the parent survey was
repeated (both waves were combined to T0). In the current study, we
further used participants’ self-reports from the 1997, 2001, and 2012
waves in which compassion was included (T1–T3, respectively). The
participants were 20–50 years old when dispositional compassion for
others was assessed.
The original sample consisted of 3596 individuals.We included par-
ticipants who completed the dependent variable at least once, under-
went genotyping, and had information on the parent–child relationship
quality during childhood. The resulting analytical sample consisted of
2099 participants (58.4% of the original sample, 44.0%male).
The YFS was approved by all participating universities’ ethics
committees at the beginning of the study in 1980, and the follow-ups
were approved by the ethics committee of the University of Turku
(vernacular institution name: Varsinais-Suomen sairaanhoitopiirin
kuntayhtymä, Eettinen toimikunta, Meeting Number 9/2010; study
name, “Lasten sepelvaltimotaudin riskitekijät projekti (Laseri) 30-
vuotis seurantatutkimus, 25.8.2010”). The study was conducted in
accordance with the Helsinki declaration. Written informed consent
was obtained from the participants or their guardians.
2.2 Measures
2.2.1 Compassion
We used the dispositional compassion scales of the Cooperativeness
character trait (C4) of Cloninger’s Temperament and Character Inven-
tory (TCI) (Cloninger et al., 1993). The compassion (vs. revengefulness)
scale includes 10 items (e.g., “I like to imagine my enemies suffering”
[reverse scored]; It gives me pleasure to help others, even if they have
treated me badly” [positively scored]; “It gives me pleasure to see my
enemies suffer” [reverse scored]; and “I hate to see anyone suffer”
[positively scored]), which were answered on a 5-point Likert scale.
Reverse-scored items were rescored before calculating the means for
T1–T3, respectively. Criterion validity of the TCI compassion scale has
been demonstrated by positive correlations with social warmth, socia-
bility, and positive emotions (García et al., 2012), andwell-being (Saari-
nen et al., 2019) andnegative correlationswith anger, hostility, and ver-
bal and physical aggression (García et al., 2012), narcissistic personality
(DeFruyt et al., 2006), depressive symptoms (Saarinenet al., 2019), and
unhealthy behaviors (Gluschkoff et al., 2019). In this YFS subsample,
the dispositional compassion had high reliability (Cronbach’s αT1–T3 ≥
0.86) and rank-order stability over time (rT1→T2 = .69; p< .001 / rT1→T3
= .60; p < .001). Confirmatory factor analyses confirm a very good fit
for aone-factormodel that accounts for the commonvariancebetween
the reversed scored items (Dobewall et al., 2021; Saarinen et al., 2019).
2.2.2 Parent–child relationship quality
The relationship quality between participants and their parents during
childhood in terms of emotional warmth and intolerance was assessed
in 1980 (if missing, then we used the 1983 assessment). The scale was
derived from the Operation Family Study (Makkonen et al., 1981) con-
sisting of four items to capture emotional warmth (“My child is emo-
tionally important to me”; “I enjoy spending time with my child”; “I am
emotionally important to my child”; and “My child enables me to self-
actualize myself”) and three items to capture intolerance (e.g., “In dif-
ficult situations, my child is a burden”; “I often become irritated with
my child”; and “My child takes too much of my time”). Rather than
parenting, these items measure child-rearing attitudes that capture
the overall atmosphere within a parent–child dyad (Katainen et al.,
1999). These two subscales can be assigned in the broader literature
to parental positivity and parental negativity (Avinun & Knafo, 2014;
Knafo & Plomin, 2006) and are related to the dimension of love ver-
sus hostility in the Circumplex Model for Maternal Behavior (Schae-
fer, Earl, 1959). Emotional warmth measures parents’ unconditional
positivity toward the child and his/her (sometimes difficult) behav-
iors, whereas intolerance captures a lack of acceptance and respon-
siveness as well as in part negative parenting experiences (Knafo &
Plomin, 2006). Participants’ parents (97% were mothers) answered
the items on a 5-point Likert scale (Räikkönen & Keltikangas-Järvinen,
1992; Savelieva et al., 2017). Emotional warmth and intolerance were
kept separate because they quantify different aspects of parenting
(Savelieva et al., 2017), form discrete factors (Hintsanen et al., 2019;
Räikkönen & Keltikangas-Järvinen, 1992), and have distinct associa-
tions with other constructs (Gluschkoff et al., 2017; Hintsanen et al.,
2019). Although the face validity of the scale may not be very high,
it has shown criterion validity by predicting personality development,
including compassion for others several decades later (Hintsanen et al.,
2019; Josefsson et al., 2013), and various adulthoodmeasures from the
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mental health domain, such as depression and work stress (Gluschkoff
et al., 2017; Hintsanen et al., 2010). Emotional warmth and intolerance
are independent of parental role satisfaction and well-being (Katainen
et al., 1999). In this YFS subsample, the two subscales of the parent–
child relationship quality had acceptable reliability (Cronbach’s αT0 =
0.68 for intolerance / 0.78 for emotional warmth). Following previous
research, emotional warmth and intolerance were standardizedwithin
the six birth cohorts to account for age-dependent developmental dif-
ferences and then cubic transformed to better follow a normal distri-
bution (Hintsanen et al., 2019).
2.2.3 Genotyping
In 2009, the GWAS was performed on those 2443 participants who
consented to be genotyped (Smith et al., 2010) using an Illumina 670k
genotyping array. Imputation was performed using the IMPUTE2 soft-
ware (Howie et al., 2009) and the 1000 Genomes Project March 2012
haplotypes as a reference (Imputation quality info ∼ 0.99). Because
complex traits such as compassion are polygenic and affected by many
genes of small effect (Manolio et al., 2009;Warrier, Grasby, et al., 2018;
Warrier, Toro, et al., 2018), we use genetic risk scores that are an addi-
tive summary of risk (or plasticity) information from several genetic
variants earlier identified in the literature (Assary et al., 2018; Belsky
& Israel, 2014).
2.2.4 Genetic risk scores for dopamine activity and
oxytocin levels
We build on previous research when creating a dopaminergic risk
score of multiple loci (Nikolova et al., 2011; Stice et al., 2012). The
polymorphisms were selected in the original study based on func-
tional changes associated with variation in dopamine signaling activity
(Nikolova et al., 2011), such as reduced gene expression (Arinami et al.,
1997) and ventral striatum reactivity modulation (Forbes et al., 2009)
(rs1799732), reduced receptor-binding density and availability (Poh-
jalainen et al., 1998) (rs1800497), and lower enzymatic activity (Stein
et al., 2006) (rs4680). Polymorphism is defined as functional if it alters
the function of a gene or set of genes (Albert, 2011). We coded geno-
types related to low dopamine activity as 1, intermediate heterozy-
gotes were coded with 0.5, and genotypes expected to associate with
high dopamine activity were coded with 0. Specifically, TaqIA A1/A1
(rs1800497), DRD2-141C Ins/Ins carriers (rs1799732), and COMT
Met/Met (rs4680) genotypes were assigned a score of 1 (“low”); TaqIA
A2/A2, DRD2-141C Ins/Del and Del/Del carriers, and COMT Val/Val
genotypes were assigned a score of 0 (“high”); and TaqIA A1/A2 and
COMT Met/Val genotypes received a score of 0.5 (Stice et al., 2012).
Two copy number variants included in the original dopaminergic risk
score—DRD4-L and DAT1 10R/10R—were not available for this study.
We substituted them with the functional C-1021T SNP (rs1611115)
located in the direct neighborhood of the DBH gene. TT homozygotes
(received a score of 1) have very low DBH enzyme activity compared
to C-allele heterozygotes (score of 0.5) and homozygotes (score of 0)
(Zabetian et al., 2001), and this forth SNP was previously found to be
weakly associated with the development of dispositional compassion
(Dobewall et al., 2021). For all SNPs included in the final risk score for
dopamine signaling activity, the functions are known in humans.
Feldman et al. (2012) developed a cumulative oxytocinergic score
to capture the combined effects of the risk alleles in OXTR and CD38
genes. The included risk alleleswereeachassociatedwith lowerplasma
oxytocin levels (Feldman et al., 2012) as well as were related to acti-
vation and volume of the amygdala and structural alterations of the
oxytocinergic brain regions when processing social cues (Inoue et al.,
2010; Tost et al., 2010) (rs2254298, rs53576), empathic responses
linked to altruistic behaviors (Liu et al., 2017) (rs3796863), and modu-
lating effect of family environment on the perception of social support
(Dobewall, Hakulinen, Keltikangas-Järvinen, et al., 2018) (rs1042778).
This risk score has been updated in a later publication to include more
OXTR SNPs and variation in the vasopressin receptor gene (Feldman
et al., 2014). Genotypes putatively associated with higher plasma oxy-
tocin levels were coded as 1 (“high”), and those expected to relate
to lower oxytocin levels were coded as 0 (“low”). Specifically, OXTR
rs1042778 A-allele, rs2254298 TT, rs53576 GG genotype, and CD38
rs3796863 A-allele carriers received a score of 0; OXTR rs1042778
TT genotype rs2254298 GG genotype, rs53576 A-allele carriers, and
CD38 rs3796863 CC genotypes received a score of 1. A copy num-
ber variant—AVPR1aRS3—originally included in the oxytocinergic risk
score of Feldman et al. (2014) was not available for this study.
Nine more SNPs of OXTR (rs2268498), CD38 (rs6449182,
rs12644506), ANKK1/DRD2 (rs1801028, rs468317), COMT (rs4633,
rs4818), and DBH (rs2519152, rs6271) genes were available in the
dataset but not tested in the current study. The eight SNPs used to
produce the two genetic risk scores followed the Hardy–Weinberg
equilibrium after taking into account the number of conducted tests (p
> .029).
2.2.5 Covariates
We controlled for participants’ age at first assessment of compassion
(years of birth 1962, 1965, 1968, 1971, 1974, and 1977) and gender
(male= 0, female= 1).
Socioeconomic status was assessed twice, first during childhood
(SESC) in 1980when participantswere between3 and18 years old and
later during adulthood (SESA) in 2001when they aged24–39years (we
used a second measurement in 2012 to replace missing values). SESC
was measured with two indicators: the average of parents’ education
(in years) and the annual household income. SESA was measured with
participants’ self-reported education and income. In both generations,
high SES corresponds to having a high educational level (tertiary edu-
cation) and a high income (highest 25%). Low SES indicates secondary
education or lower and belonging to the 75% lowest income category.
Average SES means a high educational level but low income, or vice
versa.
Descriptives of themain study variables are listed in Table 1. The top
10 principal components, obtained in GWAS (Smith et al., 2010), were
controlled to rule out that population stratification drives the obtained
results (Border et al., 2019; Price et al., 2006).
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TABLE 1 Descriptives of main study variables
Variable N Mean SD Min Max
Compassion in 1997 1600 3.60 0.68 1 5
Compassion in 2001 1728 3.68 0.65 1 5
Compassion in 2012 1447 3.75 0.60 1.5 5
Gender (ref. female)
%male 2099 0.44 0.50 0 1
Age in 1997 2099 27.48 5.02 20 35
Nikolova risk score (low
dopamine activity)
2099 1.79 0.65 0 3.5
Feldman risk score (high
oxytocin levels)
2099 2.06 0.83 0 4
Socioeconomic status in
1997 (ref. low SES)
2017
Average SES 0.21 0.41 0 1
High SES 0.14 0.34 0 1
Socioeconomic status in
2012 (ref. low SES)
1851
Average SES 0.62 0.49 0 1
High SES 0.19 0.39 0 1
Intolerance in 1980
(cubic transformed)




2097 0.14 0.86 –1.98 1.95
2.3 Analyses
We compared excluded with included participants on the main study
variables to estimate the degree towhich selective attritionmight have
influenced the results.
Next, we ran multilevel models for repeated measures to separate
the between- and within-person variance components in the devel-
opment of dispositional compassion for others (Hox, 2010). Estimat-
ing the models with maximum likelihood allows us to include cases
with missing values in the dependent variable (Von Hippel, 2007)
(imputed n = 2099). Missing values in the predictor variables, which
can be assumed to be missing at random (see Zwir et al., 2019), were
imputed using multivariate imputation with chained equations (Roys-
ton & White, 2011) (for the number of missing values in each vari-
able, see Table 1). We report the unstandardized beta coefficient (b)
with 95% confidence intervals. Statistically significant effects (p <
.050) were interpreted considering the number of conducted tests by
accounting for the false discovery rate (FDR) (Anderson, 2008; Ben-
jamini et al., 2006). Thus, we reported, in addition to p-values, sharp-
ened q-values that indicate the expected proportion of Type I errors
across analyses.
We fitted our baselinemodel with a random intercept and a random
slope for age controlling for age at the first assessment of compassion,
gender, SES in childhood and adulthood, and the top 10 genetic princi-
pal components. For the interpretability of the estimates, age was cen-
tered at 20 years. A quadratic effect for age was added to take pre-
vious findings into account that have shown that change in compas-
sion over time is following a curvilinear trajectory (Hintsanen et al.,
2019).
In the next step, we added the two aspects of the parent–child rela-
tionship quality into two separate analyses.
This was followed by assessing the direct effects of the genetic risk
scores for dopamine activity, and oxytocin levels were again added into
two separate models while simultaneously accounting for emotional
warmth and intolerance.
Lastly, we ran a series of multilevel models one for each of the four
possible gene–environment interactions.
To assess the robustness of our findings, we examined the degree to
which imputationmight have influenced our results and tested for gen-
der effects in the gene–environment interaction by analyzingmale and
female participants separately (a three-way interactionwas conducted
to justify this step, p= .050). To test if the influence of genes increases
with age, we compared a group consisting of the three youngest age
groups, that is, children up to age 9 when parenting was assessed,
with another group consisting of the three oldest age groups, adoles-
cents from 12 to 18 years old at baseline. It was also tested if chil-
dren’s allelic variation in the dopamine and oxytocin pathway might
have evoked the parenting they have received to rule out the presence
of gene–environment correlations (Avinun & Knafo, 2014; Dobewall
et al., 2019).
Data preparation, attrition analyses, and standard genetic tests
were done in R relying on the “psych” and “genetics” packages. Main
analyses were performedwith Stata version 15.1.
3 RESULTS
As indicated by chi-squared independence tests and independent
samples t-tests, excluded participants were more often male (43.9%
vs. 58.9%; p < .001), carrier of the rs4680 AA genotype (29.4%
vs. 37.8%; p < .001), raised in families with lower SES (64.8% vs.
69.0%; p = .040) and a more intolerant parent–child relationship
(mean 3.9 vs. 4.0; p < .001), and had more often lower SES them-
selves (19.7% vs. 30.4%; p < .001) compared to included partici-
pants. Selective attrition did not influence any of the other study
variables.
Results of our baselinemultilevel model for repeatedmeasures (n=
2099) suggest that compassion increased with age (age b = .017 [012,
.023]; p < .001 / q = .001) in slightly curvilinear fashion (age squared
b = –.001 [–.000, –.001]; p = .006 / q = .021). Other significant predic-
tors of compassion trajectories included gender (male b=–.194 [–.245,
–.143]; p< .001 / q= .001) and adulthood socioeconomic status (refer-
ence= low SES, average b= .139 [.072, .205], high b= .185 [.100, .269];
both p< .001 / q= .001).
Of the two parent–child relationship quality scales, emotional
warmth (b = .029 [.001, .057]; p = .043 / q = .063) was associated with
the development of compassion like we have previously reported in
YFS data (Hintsanen et al., 2019).
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F IGURE 1 Predictivemargins with 95% confidence intervals (Cis)
of dispositional compassion from age 20 to 50 (n= 2099). For the two
groups with low dopamine signaling activity levels, CIs were
overlapping at the ages of 20, 25, and 50 years. For the two groups
with high dopamine signaling activity levels, CIs were overlapping at
all ages
Neither the genetic risk score for low dopamine activity nor for
lower oxytocin levels was directly associated with the compassion tra-
jectories.
We, however, found a significant gene–environment interaction
between emotional warmth and the genetic risk score for dopamine
activity (b = .048 [.005, .092]; p = .031). The effect for the gene–
environment interaction should be interpreted as marginally signifi-
cant after accounting for multiple testing (q = .049). The compassion
trajectories at high and low levels (±1 SD) of the early-environmental
and genetic predictors are illustrated in Figure 1. In line with the dif-
ferential susceptibility hypothesis, participants with low dopamine sig-
naling activity had higher levels of compassion when growing up with
emotionally warm parents, whereas they had lower levels of compas-
sion when their parents were emotionally cold. Compassion develop-
ment of those participants with high dopamine signaling did not vary
with this early-environmental factor. That most of the 95% confidence
intervals for the lowsignalinggroup include themeanof thehigh signal-
ing group at the same age, in Figure 1, can be interpreted as evidence
against differential susceptibility hypothesis.
The identified gene–environment interaction was also confirmed in
complete caseanalysis (n=1771;b= .063 [.018, .109];p= .007), clearly
surviving correction for multiple testing (q = .021). R-squared change,
calculated with the Snijders & Bosker (1994) approach, from a model
without the interaction between emotional warmth and dopamine sig-
naling (level 1 = 5.32% / level 2 = 5.63%) to the model including the
conditional effect was below 0.5% (increase at level 1= 0.30% / level 2
=0.36%, respectively). The effects size of the foundgene–environment
interaction therefore suggests that the actual difference in adulthood
compassion between the low signaling group and the high signaling
group due to differences in the parent–child relationship quality expe-
rienced during childhood is overall weak. The conditional effect turned
out to be stronger inmales (n= 923; b= .067 [.001, .134]; p= .049 / q=
.066) than in females. We found in the three older cohorts (observed
age range 29–50 years) a significant gene–environment interaction
between emotional warmth and dopamine signaling activity (n= 1052;
b= .074 [.0164, .131]; p= .012 / q= .026) but not in the three younger
cohorts (observed age range 20–41 years).
When excluding the substituted SNP (rs1611115) from the genetic
risk score for lowdopamineactivity to account for potential overfitting,
the significance level dropped to p= .071 in imputed data but remained
at p= .013 in full case analysis (b= .065 [.014, .116]; q= .026).
The two gene–environment interactions for oxytocin levels were
not significant nor were the interactions between dopamine signaling
activity and intolerance.
Finally, neither of the two genetic risk scores was associated with
emotional warmth or intolerance. Thus, we did not find any indication
that gene–environment correlations could have been held accountable
for our findings.
4 DISCUSSION
We found a gene–environment interaction in the life span develop-
ment of compassion indicating that only participants who carry alleles
associated with low dopamine signaling activity (previously linked to
higher plasticity) were affected by normal variation in parental emo-
tional warmth during childhood. For participants without these alleles,
the parent–child relationship quality did not contribute to compassion
development over time. This finding remained marginally significant
when accounting for the proportion of expected Type 1 errors across
analyses. It was further rather robust as the association was even
stronger in full case analyses and was also found in the smaller sub-
samples ofmale participants. The found gene–environment interaction
was also supported by prior theory. Because these participants were
affected for better orworse by this important early-environmental fac-
tor, the finding suggests that the SNPs used to produce the cumulative
genetic “risk” scores indicate plasticity rather than vulnerability. The
observed pattern thus corresponds to our understanding of the differ-
ential susceptibility hypothesis (Belsky et al., 2013; Belsky & Pluess,
2009; Keers & Pluess, 2017). The variance in the outcome explained by
this conditional effect was small (corresponding to Cohen’s d ∼ 0.120),
however, limiting the practical significance of the findings. However, no
single study can be conclusive and our promising findings need replica-
tion in independent samples (Duncan &Keller, 2011; Hewitt, 2012).
The gene–environment interaction was in line with prior empirical
evidence as previous research has found genetic differential suscep-
tibility due to carrying certain plasticity alleles in the dopamine path-
way (Belsky & Pluess, 2013; Knafo et al., 2011; Si et al., 2020). At
the same time, we did not find gene–environment interaction for oxy-
tocinergic genes. Therefore, we cannot confirm the results of previous
OXTR gene–environment interaction studies (Augustine et al., 2018;
Dobewall, Hakulinen, Keltikangas-Järvinen, et al., 2018; Schneider-
Hassloff et al., 2016). Our study contributes to the literature on per-
sonality development that suggests that genetic predispositions and
8 of 14 DOBEWALL ET AL.
early-environmental influences interact in the activation of social
learning processes (Zwir et al., 2019). Emotionally warm parenting
experiences might have tuned the dopamine system in such a way that
some more susceptible individuals became more compassionate over
time (Carter et al., 2017). The finding that children differ in the degree
they are affected by early environmental factors may also explain why
shared environment commonly accounts for relatively little variance
in twin models (Pluess & Belsky, 2010). Ando and colleagues (2004),
for instance, reported that a model including only additive genetic and
nonshared environmental influences fits best the data for compas-
sion. Differential susceptibility could also be one of the reasons why
many attempts to identify and replicate associations between single
candidate genes and compassion-related traits and states have failed.
That the gene–environment interaction was more robust in partici-
pantswhowere in adolescencewhen theparent–child relationshipwas
measured is in line with findings showing that the influence of genes
increaseswith age and in larger andmore complex social environments
(Knafo & Plomin, 2006).
The number of plasticity alleles in the dopaminergic and oxytocin-
ergic signaling pathways was not directly related to dispositional com-
passion for others. This is in some conflict with previous studies that
reported associations with related phenotypes such as empathy (Gong
et al., 2017; Pearce et al., 2017), prosociality (Poulin & Holman, 2013;
Reuter et al., 2011; Tost et al., 2010), and sensitive parenting (Feldman
et al., 2012; Peltola et al., 2014; Skuse et al., 2014;Van IJzendoornet al.,
2008). One possible explanation could be that these socioemotional
phenotypesmay differ from compassion in their genetic underpinnings
(Dobewall et al., 2021). Feldman and colleagues (2012) reported an
association between plasma oxytocin levels and each of the polymor-
phisms included in the risk score used in the current study. Other
studies, however, could not confirm this association (e.g., Parker et al.,
2014). The limited knowledge about the exact function of variation in
OXTR genes is thus another potential explanation for the lack of asso-
ciation with compassion development. Moreover, these mixed findings
might be explained by the presence of gene–environment interaction,
as suggested by the current study.
Although the development of compassion is recognized to be influ-
enced by childhood social experiences and has a significant genetic
component, these are the first gene–environment interaction results
that support the importance of the quality of the relationship between
parent and child in thedevelopment of compassion. In linewith our ear-
lier study (Hintsanen et al., 2019), only emotional warmth in a parent–
child dyad was associated with the development of compassion over
time. Also in this smaller YFS sample, variation in parental intoler-
ance was not related to compassion. As we found a gene–environment
interaction for emotional warmth but not for intolerance, this further
supports that these two aspects of parenting should be studied sepa-
rately. At the same time, twin studies, as well as molecular genetic evi-
dence, suggest that also children have a substantial influence on their
environments, partially evoking the parenting they experience during
childhood (Avinun & Knafo, 2014; Dobewall et al., 2019). The parent–
child relationship quality is a modifiable early life experience that may
be improved with targeted interventions (see Armstrong et al., 2018;
Collins et al., 2000; Thomas & Zimmer-Gembeck, 2007). However, the
current study has shown that some individuals might be more strongly
affected by this environmental factor than others for a genetic reason.
Our results suggest that more susceptible individuals profit not only
from interventions designed to prevent negative early-life experiences
but also from provided support for positive parenting.
4.1 Strengths and limitations
The current study has several noteworthy strengths. We began
with specific hypotheses (i.e., genetic differential susceptibility to the
parent–child relationship quality predicts the life span development of
compassion) that correspond well to the observed findings (see Fig-
ure 1). The strengths further include an exceptionally long follow-up
period over three decades and with the TCI (Cloninger et al., 1993),
a well-established instrument to measure dispositional compassion
repeatedly throughout adulthood. Another strength is the prospec-
tive study design, which made preregistration of the study less feasi-
ble. Study variables, on the other hand, were only handed out to the
researchers after submitting a binding study plan to the YFS group.
We followed the recommendations of Dick and colleagues (2015)
to increase confidence in positive findings after proper correction for
multiple testing. We accurately report how many SNPs were avail-
able to us in total and how many of these were excluded in the cur-
rent study. Furthermore, the genetic plasticity to early-environmental
influences wasmeasuredwith earlier established risk scores (Nikolova
et al., 2011; Schneiderman et al., 2014). This reduces the number of
tests being conducted, whereas in single-SNP analyses the resulting
more stringent p-value adjustment would reduce the power of any
given test (Anderson, 2008; Assary et al., 2018; Belsky & Israel, 2014).
We justified why we selected our environmental factors over oth-
ers, how they were operationalized, and which data transformations
were performed based on previous research (Dick et al., 2015; Hintsa-
nen et al., 2019). Parent–child relationship quality was reported by
the parents of the participants ruling out the possibility that common
method variance has driven the associations with self-reported com-
passion (Podsakoff et al., 2003). Finally, to guard against inflation of
Type 1 errors we accounted for the FDR when interpreting our find-
ings (Anderson, 2008; Benjamini et al., 2006). Bonferroni correction,
as outlined above, would have been too conservative in our setting.
We make clear that the found gene–environment interaction became
marginally significant after considering multiple testing. We also per-
formed several robustness checks and ruled out that the presence of
gene–environment correlations has produced the observed findings
(Avinun &Knafo, 2014; Dobewall et al., 2019).
The current study has also limitations. Selective attritionmight have
influenced the current results. Specifically, that excluded participants
had parents who reported a more intolerant relationship with their
child than the included participants might explain why we did not
find an association between this early-environmental factor and the
development of compassion. And, our parent–child relationship quality
measure was not validated against other measures. The copy number
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variants included in the original risk scores of Nikolova and colleagues
(2011) and Schneiderman and colleagues (2014) were not available for
this study, and we can only gauge if the associations would hold or
might have even been strongerwhen including them.Wewere not able
to rule out the possibility that their substitution might have resulted
in overfitting our data because the substituted SNP (rs1611115) has
been used in a previous publication (Dobewall et al., 2021). Unfortu-
nately, the parents of the YFS participants have not been genotyped
yet and it was thus not possible to control for genetic overlap within
a parent–child dyad to rule out that observed parental influences are
primarily due to their shared genotype (Avinun & Knafo-Noam, 2015;
Kandler et al., 2016; Knafo-Noam et al., 2020).
Even though the YFS sample is representative of the Finnish popu-
lation (Akerblom et al., 1991; Raitakari et al., 2008) and larger than the
vast majority of previous gene–environment interaction studies (Dick
et al., 2015; Duncan & Keller, 2011), it is relatively small for geneti-
cally informed analyses and the identified gene–environment interac-
tion must be interpreted with caution unless replicated. Although the
interactionbetweenemotionalwarmthanddopamineactivitywasonly
approaching significance, it was supported by prior theory and empiri-
cal evidence, and we hope that the current study encourages and mer-
its further investigation to see if it is replicable in other independent
samples.
4.2 Conclusions
We found a gene–environment interaction corresponding to the
recently formulated differential susceptibility hypothesis. Compassion
development over the life span was affected by variation in parental
emotional warmth—for better or worse—only for those individuals
who carry alleles associated with low dopamine signaling activity. For
individuals without these plasticity alleles, the parent–child relation-
ship quality did not contribute to the development of compassion. Our
findings suggest that children’s genotype in the dopamine signaling
pathway might result in plasticity to early environmental influences
that have a long-lasting effect on dispositional compassion for oth-
ers. When accounting for the number of conducted tests, the associa-
tion remainedmarginally significant, yet, unless replicated, the findings
must be interpreted with caution.
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